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commanders with a basis for complete his tactical situation. A system that transforms 
a large volume of data into a comprehensive picture that can then be used for 
situations assessment can aid the commander's decision making process. A system 
capable of performing this task has, until recently, required the dedication of vast 
amounts of computer resources. 

This report suggests a structure for a commander's displav system that relies on 
recent advances in computational power in the form of a small, high-powered, 
dedicated graphics system. A prototype system is included as part of the research 


effort. 


Cyd 


ee 


[V. 


TABLE OF COMME as 
INTRODUCTION .........205...2... 5 pi 
A. STATEMENT OF TEE PROBIGEM1 "ee 7 
B. SUGGESTED SOLUTION |. 022 7 
C. SPECIFIC ADVANCES ....... 2 22 8 
D. ADVANTAGES OF STATE OF THE ia 
WORKSTATIONS .. 24 2. ta ss se 5 2 8 
E. ORGANIZATION .....2.. 5.52.0 02 ce 9 
SOFTWARE STRUCTURE ............... 32 10 
A. OVERVIEW ..... 0000.2 c anes oe 10 
B. SYSTEM LEWEL 2.64.45. 555540545 10 
l. Operating System .... 02... 22822 2 eee 10 
2. system Routines .....0.02 060.0 50.05 7 er ee 
C. APPLICATION LEVEL .........°7.5 30.3) ee [3 
1. Applied Use of Sockets. Shared Memory, and 
semaphores ...60.00.0s0500+. +0 eee. 0 is 
2. Communicating Processes ........ a.) 9 ee [4 
D. SUMMARY ......4...5 2054204 16 
DISPLAY SYSTEM METHODOLOGY .......5.. 325 1S 
A. OVERVIEW 2.0.5 285 02 5 ee eee 18 
B. SYMBOLIC CONTACT REPRESENTATION © eee 18 
1. Influence Of Display Technology 27a 18 
2. Symbol Selection Process |. yee .sees tenn 20 
3. Additional Information That Is Normally Displayed ......... 24 
4. Symbols As Fonts .......... 29 eee Pac 
C. IMPORTANCE OF COLOR 032. 24 
D. SUMMARY ... 2.0.4.0 5c 58 nde oe 24 
USER INTERFACE .... 2.02. 40) eee 26 
A. OVERVIEW .........0. 25 5522 26 


B. SYM CSS Pow HS) Sey MOE sh 6) 

OO ale Vi (CS, fe) os 4 sce Sunageehe dea 6 ce ee ete ee 26 

Dey JUSTIFICA TIONMa@iaene NT SYSTEM, ... 2.2... eevee, QT 

UME SIGE SPSS 2 (ODN EE Os I Sa Pa] 

eee OEE DN) ER wee SIDIERED) <2 gies i. acetals 28 

Gig UE SIE NSN ICR CS 1 KGa) BOS a ee 25 

ho Pay TO Se OE NE \ 100 Us) Sain ameiren ee So eric oa) yaaa a 30 

I. NY AM ANG oS Res Stare Gane 3h vege ee 30 

We Carey covet GU] i el vce, agree ene ee 31 
Tae Si) NY BY RO2\ |. se, See eG hc ct By 

Bee sy es le Ne te NO) Nona ig haya, See ots va cw eee a cil 

SS IO gle tlie Tel Cae nena Maem ys t-te eae nas. 4. a deena yas 3! 

Zee NO UO AMI Olen cit Meenas <5 ne tne Ada a oe So ee 34 

Bree acelin @eMmUCT iG aa emme ana sehen ss ache 6 a 4s aise Page oO 

RS ClE GUO eS Ville Ol Sl 2C meme temas 4a. 505.82 cs Gon oes sae ee a 

Oe Mller Neu UConn ay teem t ras. 4 sete aida as an oe a aT 

Coo SUNY SY U2 RO aR ee er 38 

be Gere ve SIONS, Livi AllONS, AND EUIURE WORK &: 2.2.45 7.299 
Evo (CROSS SIC IO SSS ee 

Be Dial WIM ICO S) cme oo oe ce ye cela vo) he fo oHNT cen wt aca ed ay, 

Peni Oe eK, ques ee Ree teens ik ee She ee en idles S a he 40 

erwin eee te NCES nn 6 tee os Pe hae aed Sate yi ea wey tea 41 
Pee Nem SHOR IBIO ION LIS) 322% 42954, st these cee ee pac he he He 42 


Ca 


ty ty 


— 


Cay Gn 3 3) 
too om fet 


Can 
oe) 


LIST OF Powis 


Structure of the Svstem Level Programs | (32): aeeeeer enn ks 
Computer Network .....2..---.e+.« = eee 17 
Root Svmbols and Their Meantmge .. . 7) 2) eee nee 20 
Land Contact Symbols ..............495 zl 
Examples Of Combination Symbols ....: .. . 2 22 ]y ee eens 25 
Monochrome Representation Of An Actual CDS Display ...... >.) ee we) 
Display With A Popup Menu Activated .......0 279 )2i ee 2) 
Initial Display... 2666 ee ce ve ce ee 2 oo ee eee 32 
Display With Contact Svmbols ....... 2: «<< + ae oe oo) 
CDS Display With Summary lmformation ... 27,7). nee 30 


I. INTRODUCTION 


A. STATEMENT OF THE PROBLEM 

In the past thirty years, there has been a revolution in the way that armed forces 
are organized and equipped to fight. The advent of guided missiles, computer data 
networks, and supersonic aircraft has both expanded the conmmander’s horizon and 
attempted to give him the abilitv to keep track of events that directly affect his 
environment. Since the problem is so complex, a large volume of information must be 
obtained in order to describe the situation. Frequently this information is generated 
with no convenient way for conimanders to access it. There can, therefore. be a 
significant lag between the sensing of events and the understanding of the effects of 
those events. This lag can be aggravated bv situation display systems that become 
overloaded in a stressed environment. 

Nearly every level of the military organization has experienced a situation where 
real-time data becomes nearly useless because it has to be processed in an 
inappropriate manner. The term inappropriate is used because it covers a wide range 
of problem situations. It includes the manual plotting that is still used on most ships. 
the use of digital computers where the output is a ream of alpha-numeric data and the 
use of monochromatic graphical displavs to show a picture of a complex situation. 
Each of these wavs of producing information can be useful up to a certain situational 
density, but they do not always allow the conimander to evaluate his situation and 
deternune his most appropriate response. Since there are systems available today that 
can process and display vast amounts of information in real-time it 1s unperative that 
an effort be made to reduce the information gap by exploiting their capabilities. In 
order to maintain a qualitative advantage in any future conflict, we must aggressively 
pursue the use of the best available technology that makes important information as 


accessible as possible. 


B. SUGGESTED SOLUTION 

One of the most promising recent developments in the area of turning vast 
amounts of data into usable information has been the production of real-time graphics 
workstations. The term real-time implies that complex pictures can be generated so 


rapidly that a display can be refreshed at a rate fast enough to appear continuous. 


There are many applications for these machines, but the one that will be focused on in 
this study is an abilitv to turn raw data into an understandable picture of the tactical 
situation. There are some current svstems that can produce situation displays rapidly; 
but. because of the limitations on memory and processing power which were available 
when they were built, many tradeoffs had to be made [Ref. 1: p. 3-1]. Current 
technology has increased the available resources by making dramatic improvements in 
processing power, memory, and storage. While the capabilities of computers has 
increased, the cost of these systems has decreased significantly. This technological 
revolution can be utilized to remove some of the limitations and costs associated with 


the previous generation of display systems. 


C. SPECIFIC ADVANCES 

In the past five years, the amount of processing power and memory available in a 
small computer package has increased dramatically. With the advent of advanced 
32-bit nucroprocessors, high density fixed disk drives, inexpensive memory chips, and 
very large scale integrated circuits (VLSI), 1t 1s now possible to put mainframe power in 
the hands of individuals. In the area of computer graphics, these advances have made 
possible high-resolution, real-time raster scan displavs. It is now possible for system 
designers to produce workstations designed for single users that have multi-tasking 
capabilities. The power of these workstations can be Well applied by using them to help 
nulitary staffs integrate a large quantity of data into an understandable tactical picture. 

Since each display unit has its own processing abilitv, the picture can be 
controlled completely by the user; he can display the pertinent information in a manner 
best suited to his needs. The user can change scale, reduce the clutter of the displaxe 
focus on a particular area of interest. and obtain additional information that may not 
alwavs be displayed. With a careful design, this control can be exercised immediately 
and in a fashion that is easilv learned. Since one of the major tasks of a commander's 
staff is to”... present the commander with a comprehensive and coherent basis for 
accurate situations assessment and timely tactical decisions.... {Refi 20jay)7(iiiises 
natural evolution to apply the capabilities of these advanced workstations for 


conimand and control svstems. 


D. ADVANTAGES OF STATE OF THE ART WORKSTATIONS 
By using an appropriate high performance workstation, it 1s possible to have the 


following effects on command and control. 


1. It can increase the commander's understanding of the environment. With the 
use of a color picture to condense the vast amount of sensor input, the most 
injportant events can be readily apparent while those of lesser importance are 
still available. 


ty 


It can allow the use of distributed networks of information sharing and give the 
conimander much greater flexibilitv as to where he needs to be to have. access 
to vital, reports. “The small size. and comparatively low cost of these 
Workstations 1s what makes this distributed idea possible. 

3. By distributing much of the processing, that was previously performed bv 
centralized svstems, the responsiveness of the overall svstem in times of crisis 
can be improved. 

4. Due to the tremendous improvements in the, price-to-performance ratio in 
computing svstems in the last few vears. it 1s now possible to produce a 
conumand display svstem that is less°expensive to operate and that is much 
more capable than currently deptoved systems. 

This study describes a prototype display system which utilizes an available high 
performance workstation to produce a comprehensible display from: a stream of 


contact reports. 


EL. ORGANIZATION 

The remainder of this study is organized in the following manner. Chapter II 
discusses the svstem level software structure for the project. Chapter III describes the 
methodology used for the display svstem, and discusses the selection of the contact 
symbols the system) uses. Chapter IV discusses the user interface that was developed as 
part of the project. Chapter V is a svstem users guide, and Chapter VI provides the 
conclusions reached from the project and discusses opportunities for future work. A 
copy of the software developed for this project can be obtained from Dr. Michael Zvda 


in the Computer Science Department of the Naval Postgraduate School. 


Il. SOFTWARE STRUCTURE 


A. OVERVIEW 

The structure of the software in a large computer program is an important part 
of the svstem. Decisions that are made at the beginning of the process of choosing the 
structure influence the course of the entire project. This chapter discussesmeacs 
architecture of the system level programs for the Commander’s Display Svstem (CDS) 
project. Specific sections of the chapter include a discussion of the operating svstem 
that was chosen and its particular capabilities, a description of the communications 
routines that were used, and a description of the example computing network on which 


the svstem has been implemented. 


B.. SYSTEM LEVEL 
|. Operating System 

The system level software of the CDS provides the necessary utilities to allow 
several machines to be linked together. This ability is very important for a svstem that 
is intended for usage in a command and control environment. No system for that 
environment can be a stand-alone unit; it must be able to share data with a wide 
varietv of other users. This abilitv is not automatic, in fact a large percentage of the 
effort in designing complex information systems goes into the building of interfaces. 
This task can be made easier by the selection of a common operating system for the 
computers involved. The UNIN operating system was chosen for this project for 
several reasons. 


e It is a. widely used operating svstem, especially on mini-computers and 
workstations. 


e It provides a rich variety of utilities that make programnung easier and less time 
consuming. 


e It supports common network interfaces like Ethernet, Telnet, and File Transfer 
PROLOCOL (FE IE) 


e It provides a means to directly connect machines by the use of sockets. These 
are direct paths between two computers that are connected by a network. 


e It allows for the possibility. of transfering the software to a wide range of 
different computer svstems, Since it 1s such a popular operating system. 


The specific version of UNIX that was chosen for the project is UNIX System 


V. This system was chosen primarily because it is the system used by the Silicon 


LO 


Graphics, Incorporated IRIS workstations available in the Graphics and Video 
Laboratory of the Naval Postgraduate School. Another benefit from the selection is 
that Svstem V supports some kev features which not all versions of UNIX have. Some 
of these features were used for the CDS program and are discussed tn detail in a later 
Section. 
aw UNIX Availability 

The UNIX operating svstem has become a de-facto standard in mid-range 
computing svstems. It is the svstem of choice for many workstation type systems 
including, but not limited to Sun Microsvstems workstations Hewlett-Packard 9000 
series workstations, and Silicon Graphics IRIS workstations. The system has been 
successfully implemented on the full range of computing systems available todav 
including PC’s, workstations, departmental mini-computers, mainframes, and even 
Siipercomiputers (Rel. 3: p. 18]. 

By selecting a system that 1s widely used, several benefits can be obtained. 
One advantage is the portability of the software that is produced. With minor 
modifications, for example, the specific graphics commands, the software can be run on 
a variety of different machines. Some tradeoffs, though, need to be made if less 
powerful systems are chosen for the implementation. This portability prevents the 
system from being tied to a particular piece of hardware and enhances its potenttal 
usefulness. The use of UNIX appears to be spreading rapidly which implies that 
1mproved comiputers will support its use [Ref. 3: pp. 207-212]. Another second benefit 
that comes from using a commercially wide-spread svstem is that the marketplace can 
enforce standards. Due to the significant investment that is made in system specific 
software, popular operating svstems develop some needed inertia. Customers resist 
changes that void their investments, therefore the UNIX system should be around for 
many years to come. 

b. Tool Availability 

A third advantage derived from the use of a popular system is the large 
existing library of programs. utilities and routines. The savings in programming time 
using these pre-existing tools can be substantial. This benefit has become more and 
more useful as the techniques of structured programming become the rule rather than 
the exception. By making use of existing modules, system designers and programmers 
can spend a greater percentage of their time in adding new capabilities rather than 


repeating past efforts. 
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c. Communications 
In addition to the above benefits, the use of a conimon operating svstem, 
like UNIX, allows for easier computer to computer communications. Computers that 
use the same operating svstem can more easily be linked together to form a system. 
The CDS demonstrates this networking abilitv by having one computer provide contact 
position reports and identification data while another computer displavs the picture 
Which represents the data. The abilitv to communicate data raptdly is very important 
for a computer that is part of a command and control system. It is important for the 
conimander to acquire all available information in a short period of time so that the 
decision making process ts fully supported. 
2. System Routines 
a. Sockets 
A socket, in UNIX terminology, 1s a means of allowing machines that are 
connected via a network to use each other as logical input or output devices. Sockets, 
therefore, can provide a communications path between the machines. Although the 
UNIX system aids in conimunications by allowing the use of sockets, it does not make 
It easy to access this capability. This difficultv has been nearly eliminated bv a set of 
routines that were developed by LCDR. James Manley at the Naval Postgraduate 
School. The programs, called netV.c and net4.2.c (named for UNIX Syvstenigy aa 
Berkeley UNIX system 4.2 respectively) define routines that put all of the required 
systeni calls into a single command for establishing a socket between machines that are 
connected via a network. In order to establish this conimunications link between 
machines. there must be a program which accesses the socket available on each 
computer. One process is designated as the server and must be started first. Once that 
process has opened its end of the socket, another process on a different machine can be 
Started as a client. Once the socket has been obtained by both processes. either one 
can send or receive data by calling the UNIX library routine wrise to send aida 
routine read to receive. A program that writes to a socket continues processing. but 
One that attempts to read from the socket waits at the read line until there 1s something 
to read. With this scheme, the socket is merely another logical input or output device. 
[Ref. 4]. 
b. Shared Memory 
On some versions of UNIX (notably UNIX System V), another useful 


communication tool is possible. This tool is called shared memory. It is the ability for 


two different programs (sometimes Known as processes) to use the same memorv 
locations. This means that different processes running on the same machine can 
communicate with each other. This is a very powerful tool for allowing rapid 
communication between different processes. This can allow separate programs to 
perform the tasks required and it can be used to greatly improve the efficiency of the 
overall svstem. A set of routines developed locally allow the easv use of shared 
memory. 
c. Semaphores 

A third function that some versions of UNIX, including UNIX System V, 
support is called a semaphore. As the name implies, these are used as signalling 
devices. The purpose of semaphores is to allow the programmer to force the system to 
muizessiiared resources Im tie Manner in wineli he wants them to be used. With a 
semaphore, a programmer can prevent a background process from consunung CPU 
cycles until it 1s time for the process to perform an action. It is nearly always possible 
to prevent processes from doing anvthing until a certain condition is met, but this is 
often a “busy wait” type situation. In a “busy wait” the process is constantly checking 
the specified condition to see if it is met, all the while consuming valuable CPU time. 
On the other hand a process trving to obtain a semaphore can wait at a chosen point 
in the program until the senraphore becomes available. While it is waiting, the process 


Sensimessmo Cru cycles. (Ket. 5: pp. 188-190} 


C. APPLICATION LEVEL 
1. Applied Use of Sockets, Shared Memory, and Semaphores 

a. Socket Via Ethernet 
The capabilities provided by the system and the Manley routines were used 
in the CDS to provide a real-time communications capability. In order to prevent the 
graphics display from being interrupted by a requirement to listen for traffic. a 
communications program was developed to run in the background of the macliune or 
machines that were being used for displays. This program continuously monitors a 
selected socket, and when data is received via that socket, it stores the data in a buffer. 
In order to ensure that the server process does not overwhelm the client with data, the 
server Waits each time it writes to the socket to receive a confirming message from the 


the client informing it that the data has been received. 


b. Shared Memory Between Processes 
The client process then uses a shared memory segment to signal the display 
program that new information is available for reading. At this point the 
comumunications process attempts to acquire the semaphore so that it can send the 
buffer to the main program. If the displav program is ready for the new mformation, 
the semaphore 1s acquired and the buffer is transfered into a shared memory segment. 
If the display process is busy, the communications process goes to sleep until the 
semaphore 1s released by the main process. This program structure provides the 
display system with an ability to receive updates on a variable time schedule rather 
than requiring that updates be regularly spaced. This allows the system to respond to 
communications that may slow down or speed up as situations change in coniplenity. 
This arrangement also prevents distracting periods of time when the display program 
freezes to wait for more data. Figure 2.1 rllustrates the way that the various processes 
Were structured to form a svstem of cooperating programs. 
¢. Semaphores For Resource Allocation 
By using the semaphore device, the majority of the CPU time can be used 
to process and displav the incoming information with a sufficient resource level 
dedicated to the communications problem. Until the semaphore arrangement was 
implemented, the display process was slower and the menu interactions took a 
noticeable period of time due to the fact that the conimunications process was 
consunung CPU cycles while it was waiting for the display routine to be ready to 
recerve Gata 
2. Communicating Processes 
a. Information Supplier 
The server process is the information supplier. It is assigned the jommam 
generating contact reports, which are then sent via a socket to the machine(s) that are 
running the CDS graphics displav. The purpose of this suppher in the structure of the 
system 1s to simulate a stream of data that might be available in a command and 
control information system. The suppher uses a pseudo-random number generator to 
produce course and speed changes for the contacts and and then updates their position 
before sending the data to the information receiver. This suppher providesmsorme 
flexibility in terms of demonstrating the capabilities of the workstation. I[t shows what 
the svsteni can do with a rehable data stream, and what will happen if the data stream 
is lost. It is also used to provide a variable situation for the display system without the 


need for a large number of prepared scenarios. 
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b. Information Receiver 

Having a separate communications program prevents the main display loop 
from being vulnerable to the loss of the information sender. With the current software 
architecture, the sender program can be interrupted and the svstem will continue 
displaving contact information based on the last update that was received. To ensure 
that the operator is aware that the data source has been lost, a warning signal is 
displaved that indicates how long it has been since the link was lost. This prevents the 
commander from losing his display while still informing him that the picture being 
shown 1s based on aging data. 

c. Example Computing Network 

[n order to demonstrate the flexibility of systems configured on a network, 
the capability of using any one of three information sources and either of two display 
svstems was developed. Figure 2.2 illustrates the small network of computers thagaen 
used for this project. The UNIX based VAX on the Ethernet can serve either or both 
IRIS machines, [RIS 1 can serve IRIS 2 or IRIS 2 can serve [RIS 1.” Each 
svstems illustrated has a different level of performance. The VAX ts a centralized, time 
sharing type of system. As such. its abilitv to generate contact updates is somewhat 
slower than that of the dedicated IRIS machines. Ifowever, the VAX has the 
capability of storing a much larger volume of data than the IRIS’s so it, too, has some 
strengths. In a full conmmand and control system, a centralized computer like the VAX 
can receive and store contact reports along with information like mapping routines and 
platform capabilities. The distributed display svstems can then access this data and 
manipulate it without sharing the CPL. IRIS 2 is a “turbo” version of IRIS 1 with a 
more capable CPU (a Motorola 68020) and an optimized disk drive. Even though 
these systems have different capabilities, they can still be made to cooperate in a 


responsive system. 


D. SUMMARY 

The choice of a widely used operating svstem like UNIX gives the CDS program 
the capability of being run on a variety of different machines with only munor 
modifications. The tools and utilities available with the UNIX system make it an 
excellent environment for the development of software. Additionally, its use allows 
the developed system to be connected with other computers to form a powerful and 


flexible network of conimunicating machines. 
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Il. DISPLAY SYSTEM METHODOLOGY 


A. OVERVIEW 

The Commander's Display System: was designed to demonstrate the capabilities 
of a state of the art color graphics workstation to present a clear, timely picture of the 
current tactical situation. The program performs this function by taking a simulated 
stream of contact reports and placing symbols representing the type and allegiance of 
the contacts in a position on the screen that represents their geographic position. The 
position of each contact is reported relative to a fixed reference point. The system also 
displavs some additional information about each contact in the form of a short 
alphanumeric modifier and a vector that indicates a best estimate of the contact’s 
course and speed. Other pieces of useful information about the contacts are available 
to the user at the touch of a button. 

The program also makes available options to the display operator for various 
configurations of the display. Some of these options are symbol size, displav scale, 
display center, and display filters. All of the available options are discussed in detail 
below. In order to keep this svstem available for unlimited distribution, all of the data 
structures were developed specifically for this project and the data used is merely an 


approximation of the type of data that is available in an operational data base. 


B. SYMBOLIC CONTACT REPRESENTATION 
I. Influence Of Display Technology 

Most display svstems currently in use in command centers show information 
about the current situation bv using a set of abstract symbols. These symbols are a 
convenient means of rapidly conveving a large quantity of information to a trained 
Operator in a compact form. Until verv recently, the possible symbol set that could be 
used was severely linuted by the capabilities of the available display devices. 

a. Vector Scan Displays 

In order to produce clear lines. characters, and symbols, one had to rely on 

svstems based on a technology known as vector or random scan. With these devices, 
the image to be displayed is encoded as a set of vector endpoints. Each line that 1s 
drawn requires the deflection of an electron beam to the next point on a phosphor 


coated screen. These systems can produce sharp hnes and points, however, their ability 


ES) 


to create complex shapes is linuted by the speed with which the electron beain can be 
deflected. Additionally, they cannot produce shaded or solid color areas. Since this 1s 
the technology that has been used in past displav systems, the svmbols that have 
evolved have tended to be simple geometric shapes. [Ref. 7: p. 94] 
b. Raster Scan Devices 

With state-of-the-art graphics systems, however, a different type of displav 
mechantsm can be used to produce a quality picture. This mechanism 1s known as 
raster scan, and it is the same basic technology as that used in television sets. A raster 
scan display stores its picture information as an array of tntensity values for each 
Mme@inidual picture element (pixel). The CRT beami cam then be deflected line bv line 
and need only change imtensity to control the image that 1s displaved. The 
disadvantage of this method ts that pixels can be either fully on or fully off. although 
the brightness can be varied. If an insufficient number of pixels are used for the 
screen, a line that is not either horizontal or vertical appears to be a stair step rather 
than a smooth line. A large number of small pixels on the screen can Irmut this 
problemi, but until recently, that was verv expensive due to the high cost of memory. 
Reducing the size of the pixels by a factor of two requires four times as many pixels to 
fill the same screen size. This requires the screen memory to also tncrease by a factor 
of four. Fortunately, memory is has become cheap. 

To comprehend the phenomenal advances which have occured in the 
1980's, one can look at the description of a modern raster scan display tn [Ref. 7]. 
which was published tn 1984. This book describes a modern system as one with a 
screen resolutton of 512 x 3512 pixels with 8 possible values (3 bits) of intensity at each 
pixel. In contrast, [Ref. 6], which was published in 1986, describes a good quality 
graphics display as one with a screen resolution of 1024 x 1024 pixels with 256 possible 
values (8 bits) for each of three colors, for a total displav memory of three millron bits. 

With a screen resolution of about 1000 x 800 pixels or better on a 19 inch 
screen, the pixels are small enough that angled lines appear to be onlv slightly jagged, 
rather than stair stepped. This improvement means that raster scan devices can now 
perform tasks that previously required vector scan displavs. Since a raster scan CRT 
can cost one tenth the price of an equivalent vector display. this capacity is a 
Significant opportunity. Additionally, the number of different symbols that can be 
shown 1s virtually unlimited, and filled shapes can be used with ease. If destred, symbol 
sets of increased complexity and realism can be developed to allow more information 


fevoe transiered through the use of pictures. 
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Figure 3.1 Root Svmbols and Their Meaning. 


2. Symbol Selection Process 

Nouvitistanding the potential for a completely new symbol set, the contact 
svmbols that were chosen for this s\steni are modeled on the s\mbols suggestediigmamas 
by [Ref. I]. Figure 3.1] illustrates the basic svmbol set for contacts (hate ammues 
encountered at sea. These svmbols consist of a set of geometric svmbols thatareumes 
inumediately recognizuble for untrained users. for people who have a@ceesemie 
experience with tactical displavs in the LS Navy. however, this set of shapesimiamima 
meaning. Thev are based on the Naval Tactical Data Svstem (\ TDS) svmbolsemaames 
with sone nirodifications, have been meuse lor nearit ee eae a 

There are those who would argue that the use of simple symbols like these 
does not make full use of the capabiities of high performance workstauionssiieme 
svstems can just as easily manipulate a set of figurative svmbols where a plane looks 
like a plane, a ship looks like a ship, and a submarine looks like a submarine. The use 
of these pictorial symbols has shown some promise in improving certain functions 
associated with conmmand and control display svstems [Ref. S: p. 42]. 

The Advanced Combat Direction System (ACDS) study recognizes that iconic 
svmbols can be useful. Figurative svmbols are recommended for that class of contacts 
that have not normally been displayed on Navy displav svstems. Figure 3.2 illustrates 
the figurative symbols that were developed to handle reports of land contacts that may 
be of interest to Naval commanders. These icons are intended to be self-explanatory 
and to give information at a level that is meaningful to Naval commanders and their 
Staffs [Ref. I: p. 4-43}. 





mieurers.. land Centact svnibols: 


Oy (icw Olovinesre cons, tic Suds meceonmnenls an evolutionary approach 
fet the Contacts “hich have traditionally been miportant enough to display on Naval 


display svstemis. 

Le eiMcmmetomdesIem a <et ol picture-like representations that illustrate all of 
HewmMommaionmOniiniinediate iiterest. silat is, One inust {eure aut a wav to 
make an enemy ship svmbol look different from a friendly ship svmbol. 

ee Vuieemprocre<s las been made in themiield of larse screenudisplays. the 
ple sicaiacrea dvdidinie in the comunand center 1s a much mere Severe linutation 
Pile MmemOleier displays tam the eument teclinolocy 1s. In additiom, the size 
Ceuieatored ic SrOW Iie dia aeecd EXIK(S to put even more information onthe 
Ue eiciemeie Weed ticrelore, still Exists to Have 4 conipact symbol set. [his 1s 
one of the major strengths of abstract geometric canals: 


e [tis not realistic to expect that all levels of conymand centers will be upgraded 
to modern displav devices. In order to nuninuze personnel transiuen problems 
It is important to maintain some commonalty between the contact 
representations used in all conumand centers. 

Sees eciOliious Imvestinent in the current set Giasumibols. Thev are 
famihar to a generation of operators and commanders and. one cannot overlook 
the significant retraining, effort that would have to occur if a radical change in 
tactical symbology were imposed. 

fora 1eoUeo! ihe abeve difficulites with designing a more iconic symbol set, the 
geometric svmbols suggested by the ACDS svmbology study form the basis for the 
Semiact display in Conimander s Display System. [Ref. I: pp. 2-2, 2-3] 
3. Additional Information That Is Normally Displayed 
a. Symbol Modifiers 

The ACDS symbol set offers some features that are unavailable in the 
NTDS system. It defines three new basic classes of contacts which were not used. 
These are Neutrals, Suspects, and Hazards. [Ref. 1: pp. 4-4 - 4-7] provides a thorough 


discussion of the reasons for these additions to the previous set of symbols. Another 


extension that is proposed for the ACDS svstem is the use of alphanumeric modifiers 
to the symbols. These short codes can impart a great deal of information to trained 
users In a small space. An example of a modifier that might tell a Naval conmmander 
important facts about his threat is the identification of an enemy ship symbol as a 
KYN. For people who have been through the Navy's warfare training pipeline. 
knowing that a contact is a KY NDA class cruiser tells him almost all that he needs to 
know about the threat that the ship presents him. This modifier methodology is used 
for the Commander’s Display Svstem, although the method for choosing the modifier 
is bevond the scope of the project. For the CDS, it is assumed that the modifier is part 
of the contact report. Since these modifiers give the commander a large volume of 
information without taking up much of his display surface, they are normally 
displaved. 

b. Course And Speed Vectors 

Once a commander knows what contacts are in his area and where they are 
located, his next concern is where they are going. The CDS program answercmian 
question in a compact form by coniputing a speed vector for each contact and drawing 
it from the contact’s location in the direction of its motion. Since there is a wide range 
of possible speeds from stationary objects to supersonic aircraft, the systen) computes 
the length of the speed vector based on the square root of the contacts speed. T[he 
length, therefore, is only a relative measure. However, it can show the difference 
between a very fast contact and one with a moderate speed. These vectors are 
normally shown for each contact since they meet the test of compact transmission of 
important information. 
4. Symbols As Fonts 

The IRIS workstation, like many other high performance computer systems, 
provides an ability to load special character sets, known as fonts, into random access 
memory (RAMI) for rapid recall. The normal use of this capability is to define different 
character sets like italic or Greek letters. Since symbols and fonts are Dotiajme: 
patterns of pixels, it was determined that the selected symbol set could be defined as a 
special font. The symbols could then be manipulated with all of the routines that are 
normally available for moving text around. 

a. Font Creation 

Two symbol sets based on the recommended set were created for this 


project. The second set is merely a larger sized version of the first Sev el@eamis 


ty 
nw 


developed routine called fonredit facilitates the development of a font by giving the user 
a grid on Which to draw the symbols. The user draws the symbol bv pressing a mouse 
button to turn on individual picture elements (pixels). Each symbol is assigned a 
Gone pemGetecmemanacler tiataransiates (0 a value in the ASCII character set. the 
coniplete set of bit-mapped svmbols ts stored in a single file. The font can then be 
loaded into memory by calling the routine fomdef with an tmteger font name and the 
feprormereine Wanie as the arguments. lhe svnibol set can then be quickly accessed 


bx calling the IRIS routine fon with the font name as the required argument. 
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Pigicee owe vamples Ol Goneiiauen Ssvinbols. 


b. Symbol Combinations 
Some of the svmbols that Were suggested bv the ACDS svmbologv study 
Soe oes most cilictentl: produced by combining two distinct symbols. The 
Sonmmander s Wiselay Susiem provides the capability of placing two special characters 
Mimtiesscamie 1ocatiom im order to give access to a wider variety of svmbols. Figure 3.3 
illustrates several of these combined symbols and defines their meaning. [Ref. 1] 
c. Font Manipulation 
Wiescontactsvineols are placed on the screen by calling the IRIS routine 
@7ev tO position the svmbol and then calling the IRIS routine charstr to place the 
svmbol in the displav buffer. The ease with which this positioning occurs illustrates the 
usefulness of defining the symbols as special fonts. Another reason that fonts were 
chosen to draw the svmbols is that the size of a font remains fixed even if the scale of 


eesatsplay isechamged. This is a desirable trait, since the size of the svmbols that was 


selected is a size which is readable from. a reasonable distance. It would be 


disconcerting if the symbols were to shrink or grow at the same rate as the scale of the 


display. 


C. IMPORTANCE OF COLOR 

The CDS project was developed on a computer system that has a high-resolution 
color monitor. Since the project's set of contact symbols does not depend upon color 
for information transfer, it 1s possible to implement the system on a computer with a 
monochrome display. The use of colors, however, provides some very useful features. 

e It allows for redundant coding of contact allegiance. The shape of the contact 
tells the conimander whether the contact 1s an Enemy. Friend, Umkmgean 
Suspect, Neutral, or Hostile. However, by using different colors for each of 
these groupings, It 1s easier to pick out a massing Of simular allegiance contacts. 

e [t allows for easier discrinunation of contacts that are displayed close together. 
Figure 3.4 shows a black and white representation of a system display which is 
hard to read. A color picture would be more easily understood. 

e It provides a mechanism for tving pieces, of displaved information to the proper 
contact. For example. the contact modifrers and the contact track history are 
displayed in the same color as the symbol. This reduces the possrble confusron 
that mav occur if several track histories merge or cross. 

e lt 1s used to provide feedback to the user from the menu system. Tie uigemem 
various colors of Hears aaee the operator informed of the latest menu 
selection and the currently available options. 

The color scheme that was chosen reflects the current standards for the choices 
of colors for displaving different types of contacts. Blue is used for friendlies and green 
is used for neutrals. Orange is used for suspect contacts and red is used for the known 
hostiles. White is used for unknown contacts and cvan is used for hazards. Sinular 
color schemes have shown their usefulness in research efforts like those documented by 
[Ref. 9]. Due to the lessening of the difference in price between color syvstemismam 
monochrome systems and because of the inherent advantages of color systems, it is felt 
by the author that the use of color displays should become standard for conmand and 


control svstems. 


D. SUMMARY 

The methodology that is used for the CDS display is to represent reported 
contacts as geometric symbols which classify the contact m broad categories, for 
example, friendly surface ship. An additional level of classification detail is provided by 
short alphanumeric modifiers that are located directly beneath the contact symbol. 
The contact’s course and speed are indicated by a vector pointing in the direction of 
travel. The use of color codes relating to the contact allegiance ties each of these 
pieces together and makes the picture easier to quickly understand. Each of these 


parts of the display give the commander valuable information in a compact form. 


24 






ENU 


DR CONTACTS 


SUB_ CONTACTS 
i q 

LAND CONTACTS 

TRACK HISTORY 

ERASE WARNIN 
XIT PROGRAM 


TABLE OPTIONS 





£¢ f24a¢: 017 1987 


14 MAIN 





Fro Aon 







UNKUNG 37 


Figure 3.4 Monochrome Representation Of An Actual CDS Display. 
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IV. USER INTERBASE 


Awe OV ERVIN. 

The design of the operator interface for a svstem designed to support decision 
makers 1s unportant. An tmformation system which presents barriers to its use will not 
be able to perform tts main function. In order to make the Commander’s Display 


System easy tO Operate, a menu driven system was selected for the user interface. 


B. MAIN MENU 

When the system is started, the operator sees a picture of the current Suman 
using all of the default settings for the various options. In the upper right hand corner 
of the displav, there is a l1st of options called the Matin Menu. This list defines the 
miajor groupings of the various display options. In order to make a selection from this 
mienu, the cursor must be positioned within the boundaries of the menu border. 
Whenever the cursor ts tnside of any menu boundaries, it 1s displaved as a red, 
horizontal arrow. As the cursor 1s moved to the different choices, the choice is 
highlighted. Pushing the middle mouse button while the choice is hrghltghted selects 
that choice. When the selection occurs, the choice is then lighted a different vegiim 
indicating the active selectton. A selectron in the main menu performs no action. 
Instead, a sub-menu of actions available from that choice is activated. This sub-menu 
can be displaved by pressing the muddle mouse button while outside the main menu 


boundaries. 


C. - POPUP MBENUS 

All of the sub-menus are what 1s commonly known as popup menus. These 
menus are available at the touch of a button: when they are not berng used, however, 
they disappear to allow more of the screen to be used for displaying the information 
that is of interest. The interaction between the user and the menus is similar to that of 
the user and the frxed main menu. 

To activate the popup menu that ts currently available the user presses the 
nuddle mouse button. The menu will appear centered on the current position of the 
cursor, unless the cursor is near the screen boundaries. The cursor can then be moved 


around the menu and, as it is moved, the choice under the cursor ts highlighted. If the 


cursor is removed from the boundaries of the inenu, the menu remains visible but no 
selections are highlighted. To make a selection, the user points at the desired function 
with the cursor and presses the middle mouse button when the choice is highlighted. 
The menu disappears and the function that was chosen is performed. If the menu ts 
activated a second time, it appears with the choice that was made the first time 
highlighted. Ifthe operator calls a menu and then decides not to make a selection, he 
can press the nuddle mouse while the cursor is outside of the menu boundaries. This 
will cause the menu to disappear with no action performed. Each popup menu has a 
return to main menu function. This selectron allows the user to quickly move the 


cursor from any given point on the screen into the title block of the main menu. 


D. JUSTIFICATION FOR MENU SYSTEM 

ihe Use of a mientmeniven Svstem was selected becauseuit offers the opportunity 
for rapid svstem competence. With a little famiharization time. new operators should 
be able to become proficient. Since the menu system provides a list of the available 
options, operators need not memorize a set of computer commands. Additionally. the 
menus inform the user which functions are currently active. [Ref. 6: p. 334] This rapid 
proficiency allows operators to spend their valuable training time learning about facets 
of their job that are more important than computer svstem operation. In addition. a 
system that is easy to use is more likelv to be used, and information svstems cannot 
help decision makers if they are ignored. The system is largely self documenting, that 
1s, the menus hist the available options: there is lrttle need for further explanation of 


what each option does. 


FE. MENU SYSTEM CONTROL 

Unlike many menu systems that are currently available, the system: developed for 
this project does not take exclusive control of the CPU during the time that the user is 
attempting to make a selection. Instead. the svstem samples the cursor position and 
checks for a push of the nuddle mouse button only once each time through the display 
loop. This method has both advantages and disadvantages. The reason that it was 
used for this project is that the displav of the most recent data was considered to be 
important. If the menu svstem took control whenever a selection was pending, there 
would be a period of time when the display was not being updated. This could cause a 


problem if the operator of the system took a long time to make a menu selection. 


By having the menu svstem as part of the matn display loop, it is possible for an 
operator to activate a popup menu and allow rt to be displaved as long as he desires 
without interferrng with the process of updating the contact positions. Figure 4.1 
illustrates the appearance of the display with an active popup menu. The main 
disadvantage to this method 1s that when there are manv contacts displayed, the system 
requires a finite time to traverse the entire display loop. Thrs can cause a slight delav 
in the process of making a menu selection. 

Experimentation wrth the system has shown that about 60 contacts can be 
displayed on the Turbo IRIS with no perceptible delays in menu response, while about 
half that number can cause a slight delav on the non-Turbo IRIS system. Even with 
130 contacts, however, the menu interactron on the turbo system 1S responst\enmoaimee 
the display becomes very crowded with more than about 150 contacts displaved, the 
operator will probably choose to more restrictrvely frlter the display. Once the contacts 
are filtered out, the speed of the displav loop improves. For thrs reason it is felt that 


the svstem makes the appropriate tradeoff. 


PF.) OTHER INTERFACES CONSIDERED 

Many workstations have a set of push buttons that can be programmed to 
perform functrons mm a manner sinular to menu selections. This tvpe of mterface is 
fanuliar to many operators of current Navy display systems, so the use of function 
buttons was considered for this project. However, the menu/pointing @deuee 
combination has the following advantages over buttons. 


e Nlenus are not as limited mm space for functronal descriptrons as pushbuttons. 
Therefore they can be made more self explanatory. 


e  Nlenus can be implemented on the same display screen as the main displav thus 
allowmng the operator to keep his attention focused on his srtuatron picture. 


e Menus can be more easilv changed _than most forms of pushbuttons. To 
change a menu, it 1s a simple matter of changing a few lines of computer code. 


e The same display device can be used to run different apphcations programs 
without the need to change the labels on pushbuttons. 


Since this svstem’s focus is on meeting the needs of a military decision maker, it 1s felt 


that the usabilitv of a menu-driven svstem is a real benefrt. 


G. MENU INTERACTION JUSTIFICATION 
Many menu systems currently in the conimercral marketplace utilize a shghtly 
different user interaction method. For many svstems, the pushing and the releasing of 


the mouse button are each treated as separate events. With this tvpe of mterface a 
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Display With A Popup Menu Activ 


Figure 4.1 


push of the mouse displavs the menu and its release performs the selection. While this 
can be faster than requiring one push to display the menu and another push to make a 
selection, it is felt that the selection of the menu item should require a separate action. 
This prevents the disconcerting feeling that one gets when the display does something 
unexpected due to an accidental action. This method more closely emulates the way 
that one operates a system with push buttons. By setting up the mnterface this wav it is 
hoped that the best features of both push buttons and menu pointing device 


combinations are realized. 


H. LIMITATIONS OF THE MOUSE 

The choice of a mouse for a pointing device is not necessarily the best one for a 
command and control display svstem, especially one with a naval emphasis. A miouse 
would be an inappropriate choice for any svstem that might be located in a moving 
platform since it may become a projectile if a sudden movement occurs. Additionally, 
the movement of the mouse requires that a certain amount of space be available with a 
surface suitable for giving positive control of the mouse wheel. This is not alwavs 
available, especially in frequently overcrowded conimand centers. The mouse was 
chosen for this project because it is the device available for the workstations chosen. 
However, the svstem can be used with a variety of pointing devices as long as there are 
buttons associated with the device. A more appropriate choice could be an imbedded 
trackball or a touch sensitive panel. From a software point of view, there isms 
difference between a mouse and these other pointing devices. Thev can each handle 


the logical operations of locating, picking, and menu selection [Ref. 6: p. 164]. 


I. SUMMARY 

Part of the comiputing power of the workstation has been dedicated to making 
the display system simple to use. The choice of a menu driven system reflects theme: 
that the operators of command and control systems have better wavs of spending their 
time other than learning a complex set of computer commands. The use of popup 
menus prevents the interface fron. consuming an unreasonable share of the display 
screen. By slightly modifying the rnterface used by many popular menu systems, the 
benefits of older pushbutton technology has been combined with that of the menu 


driven svstem. 


V. USERS GUIDE 


A. GENERAL 

The system is available on both IRIS 1! and IRIS 2 in the Graphics and Video 
Laboratory of the Department of Computer Science at the Naval Postgraduate School. 
The program is written in the C programming language which is the language of choice 
for graphics workstations. The use of C gives the svstem a possibility of greater 
portability since it has been implemented on a wide variety of computer systems. It is 
a high-level, structured language that fully supports the use of a modular program 
design. One of the useful features of C, that was used extensively in the CDS program, 
is its ability to handle flexible data structure definitions. Bv using this capability, 
pieces of information that are logically related can be easily accessed as a single entity. 
This single feature saved many hours of system development time. 

The system is started by typing the command csguare on either of the two 
svstems. The program starts the server process on a remote machine and then starts 
the conmmunications process running. The loading of the fonts into memory takes a 
short period of time and then the display becomes visible. A polar grid is 
superimposed on the display. The center of this grid represents the geographic 
reference point to which all contact position reports refer. This point is Known as the 
data link reference point (DLRP). The initial view that is seen is illustrated by Figure 
5.1. Within a few seconds, the displav begins receiving contact reports and displaving 
the appropriate symbols, modifiers, and speed vectors. Figure 5.2 provides a sample of 


what the displav looks like after receiving a set of contact reports. 


B. AVAILABLE FUNCTIONS 
1. Symbol Filtering 

A command and control display system should allow the commander to 
enoose the types of contacts that he is interested in seeing. This can prevent the 
display from becoming overcrowded without the svstem making arbitrary decisions 
about what can be shown. Since it is possible that a commander can rapidly change 
focus as the situation changes, the svstem should allow rapid changing of the selected 
filtering. A svstem that is designed to support the commander in his decision making 


must be able to keep up with his needs. The Commander's Display Svstem allows this 
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tvpe of selection and provides a rapid response. The following types of contacts can be 
either displayed or kept invisible at the option of the conimander in order to tailor the 
display to his current needs. 

e Air Contacts. 

e Submarine Contacts 

e Surface Contacts 

e Space Contacts 

e Hazards 

© Frendl Gontaets 

e Hostile Contacts 

e Neutral Contacts 

e Suspect Contacts 

e Land Contacts 
These different options can be combined in various ways so the number of available 
displavs is almost unlinuted. 

2. Additional Information 
a. Summary Information Boxes 
[tis not possible to visually code all of the information about a complex situation that 
may be of interest to a decision maker. Therefore, it is important that amplifving 
information be made available in a simple and rapid fashion. The CDS program does 
not attempt to implement a large data base: those already exist. Instead, the system 
makes several functions available to illustrate how easy it can be to make certain types 
of inquiries on a graphics based system. The Sunimary Information function allows 
the user to point at a contact’s symbol and click a mouse button in order to displav a 
small box of information about the contact. When the information is no longer 
desired, the box can be made to disappear with a second click of the button. Figure 
5.3 shows a CDS display with a summary information box activated. The amount of 
information available at the conmmander’s fingertips can be greatly enhanced by a 
scheme such as this. 
b. Track History 
A very useful piece of information for a commander trving to understand 

his situation 1s a history that tells how the situation developed. This can allow him to 
use previous trends to help him predict the future movements of the forces that 


concern him. The CDS provides a rudimentary ability to perform this function by 
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allowing the operator to display a dotted lne which represents the track that each 
contact has travelled since tt was first reported. The operator can choose to display all 
contact track histories or he can indrvidually select the option for certain forces of 
interest. There ts also an option which selects the interval between each stored 
position. The system can store up to 120 pomts for each contact so the items 
chosen determines how tong the historv 1s saved. 

¢. Dead Reckoning And Position Uncertainty 

During the period of time between each contact update from the data 
stream, the svstem performs what 1s known as dead reckoning (DR) for each contact. 
That is, the contact’s position on the screen ts updated each time through the display 
loop based on its last reported position, course, speed, and the elapsed trme since the 
update. This provides the commander with the current best estrmate of position and it 
is especially useful for fast moving contacts. The position of the contact, however, 
becomes more and more of an approximation as the time since the update increases. 
[Ref. 10: p. 114] 

The system provides a mechanism for showing this position uncertainty by 
the use of circles. These circles are centered at the last reported position fomecme 
contact and their radit are based on an assumed speed for the contact. This speed ts 
chosen based on whether the contact is a ship, submarine, or aircralt ie 
uncertainty circles can be turned on for all contacts or only for those of spectal 
interest. Watching the circles grow and collapse can give the operator a good feel for 
how rapidly new information 1s being recetved from his data source. 

3. Scaling and Centering 
a. Scaling 

Any useful display svstem has some means of controlling the scale of the 
area that ts being displaved. Nflany svstems, however, limut the user to preset yseqvems 
often controlled by a switch. With modern graphics systemis, controlling the scale of a 
display 1s simplv a matter of changing the transformation matrix that the system uses 
to map the coordinates of the world betng pictured onto the display Screen aiiae 
Geometry Engines on the IRIS machines are matrix multrplters that can make the 
calculations associated with this change almost instantaneously [Ref. 11: p. C-1]. The 
CDS gives the user a preselected set of scales and an ability to continuously vary the 
scale or “Zoom” the display. This gives greater flexibility; one can imagine a sttuation 
where a larger scale might be desired to allow for less clutter but the next highest 


preset scale eliminates a contact of particular tterest. 
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b. Centering 
Another feature that is desirable for a situation display is the ability to 
Sliciieemmesceiter oO! the display. (iies@IS olfers the user the choice of shifting the 
display in any of the four major axis, moving the display around with the cursor, or 
centering the display on an area pointed to by the cursor when the left mouse button is 
pushed. Additionally, the operator can chose to display the plot in a relative mode 
that keeps one’s own ship in the screen center. By a combination of scaling and 
centering, it 1s possible to display a maximum scale picture of a crowded section of the 
display. This feature allows commanders to rapidly focus their attention in anv sector 
of interest. 
4. Selectable Symbol Size 

The symbol set that was implemented for this project makes use of the ease 
with which modern computers can handle many different fonts. Each of the symbols is 
defined as a character in a font, so changing the size of the symbols is simply a matter 
of selecting a different font. Two different sizes of symbols were created for this 
project by the use of a simple font editor: the creation of other sizes of fonts is easily 
possible. Each symbol usually has a modifier displayed below it. It was felt that if the 
Operator desired to see larger symbols, he would probably want to see a larger size font 
for the modifiers. Therefore, the size of the modifier font is approximately doubled 
when the larger symbol set is selected. The large symbol size allows the display to be 
viewed from across a medium sized room, while the small symbols allow many more 
contacts to be displaved without overlapping. 

5. Clutter Reduction 

The above discussion of symbol filtering shows one way that the clutter on the 
screen can be reduced. Often, however, the outright elimination of displaved contacts 
may not be the most appropriate means of reducing the complexity of the situation 
picture. It may be that a better method for the particular situation is to display less 
information about each contact. The Commander's Display System provides several 
options that allow the display to be made more readable at the expense of showing less 
information. 

e Speed Vectors - these vectors from each contact give a quick indication of the 
current speed and direction of all displayed contacts. If they are in the way, 
however, they can be turned off. 

e Svmbol Modifiers - the svmbol modifiers can provide much, useful information 


in a concise fashion. However, they may also be turned off if it is felt that thev 
are interfering with the understanding of the picture. 
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e Uncertainty Circles - these give the operator some additional information. but 
they are mot intended for continuous display. Thev can be activated for all 
contacts or just for those of interest by pointing at the contact’s symbol. They 
cam just as easily be turned off. 

e Track History - again, these histories are information that does not need to be 
displaved constantly. All track, histories can be turned on or specified contacts 
of intérest can have their histories displaved bv pointing at them. Thev can just 
as easily be turned off. 


e Svmbol Translation Table - this table is intended for quick reference only and 
should not normally be displayed. [tis simple to access and remove. 


¢ Grid - the polar grid display gives.a frame of reference for the displav and 
shows the scale. Hlowever, if tt is in the wav, it can be turned off and later 
turned on. 

e Main Menu - although the.matin menu is normally ae it can be tires 
off rf destrred. To do this, simply point at the utle block of the menu and click 
the nuddle mouse button. To return the menu, do the same thing over again. 

If the display gets too crowded, it is therefore possible to turn off all items 
that are considered to be of lesser iniportance. In fact, it is possible to eliminate 


evervthing from the display with the exception of the main menu title block. 


C. SUMMARY 

The various means of display control are meant to be used dynamically, and the 
combination altered as the tactical situation changes. Since the system is able to make 
all of the possible changes rapidly, a commander need not worry about losing his 
display for a period of time while the display changes. Bv having a responsive system 
that includes its own processing power, the commander will not be hmuted to the type 
of tactical picture that a far removed svstem designer has chosen for htm. He will be 
able to tailor the display to meet his needs and the special circumstances that he must 
face. This tvpe of capabilitv can go a long way in helping a muilitarv decision maker 
choose his best course of action with the greatest amount of support from his 


command and control svstem. 
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VI. CONCLUSIONS, LIMITATIONS, AND FUTURE WORK 


A. CONCLUSIONS 

The goal of this research effort was to demonstrate a possible application for the 
recent advances in computer graphics workstations 1n a command and control 
environment. [In addition. a framework was developed upon which to base future 
efforts in this area. The equipment that was used for the project is a general purpose 
computing system that has some specialized hardware and software aimed at producing 
high-resolution, real-time, color graphics displavs. The software that was produced 
shows that such a system can indeed be used to compile a stream of contact reports 
into a timely, understandable, situation display. This tactical picture can then be 
tailored to support the decision making process of a nulitary commander in a wide 
range of scenarios. Since these svstems can be purchased for less than $40,000, there 1s 
an opportunity to upgrade or replace current systems without spending vast sums of 


money. 


B. LIMITATIONS 

Since this project was essentially a one man effort spread over less than six 
months, there are some linutations on the capabilities of the software that was 
produced. 

e The svstem does not, have a mapping function, although it is well within the 
hardware capacity of the chosen svstem to support both outline and shaded 
region maps. 

e There are manv useful functions available on current command and control 
display svstems that have not been implemented. One specific example is the 
coniputation of the closest point of approach (CPA) of surface contacts. 

e There is no ability_to locally enter contact reports or to enter data from, more 
than one source. This capability, however, can be added with an extension of 
the current program structure. 

e Due to security considerations, the svstem has not_been designed with th 
specific data structure of anv existing svstem. In the C programnung language. 
however, data structures are quite flexible and easily changed. 

Notwithstanding these limitations, the system can provide the basis for future work. 
In order to make full use of the available technology, perhaps the next step could be 
Mie eXtension of the CIS into a prototype svstem that can use real data and be tested 


in an operational environment. 


C. FUTURE WORK 

The Commander's Display Svstem: makes use of onlv a small percentage of the 
capacity of the currently available color graphics hardware. Some specific suggestions 
for future enhancements to the system are: 

¢ Incorporate some of the Defense bieicune Agency's digital maps. The use of 
these maps can give a.commander valuable inforniation about his environment 
and the threats toe nissienuces, 

e Develop, a methodology for the display of more information about the 
capabilities of displaved platforms. A suggestion 1s to give the commander the 
ability to show shaded arcs representing sé€nsor or Weapons eniplovment ranges. 

e UCtihze the communications capacity of networked computer systems more fullv 
by providing a function which allows the creation and. transnuttal of message 
trathic in a window on the screen while still maintaining an updated tactical 
picture. 

The hst of graphics workstation applications in the commiand and control area can 
continue, especially if one considers the capacity of the systems to produce realistic 
pictures or images. Suffice it to say that the introduction of reasonably priced, high- 
resolution, raster display svstems presents an opportunity to provide commanders with 
a vast amount of information in an understandable and usable fashion. This 
technology must be exploited so that our commanders can choose their courses of 
action with the best possible understanding of both his own force capabilities, and 
those of the forces Which oppose him. Since our commander's decisions can have a 
large impact on the course of historv, it is imperative that they be able to make those 
decisions with the best available information. Using a high performance workstation 
with a high resolution color displav to produce a clear tactical picture, in real time, can 


help meet this goal of providing the best possible support to our military leaders. 
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